without secretion, and thus the continuous production of the metabolites during cultures is greatly limited.To overcome this problem, several procedures to leak out the intracellular products from plant cells have been proposed including the addition of inorganic chemicals or organic solvents to cultures and exposure of cells to electricity1,2).Shimomura et al. 3) reported that in the culture of Lithospermum erythrorhizon hairy roots, the addition of liquid paraffin promoted the extracellular production of shikonin pigment.They also proposed an air-lift reactor equipped with an adsorbent column for the continuous production of the pigment by the hairy roots.
In our previous papers4,5), it was reported that red beet hairy roots released pigment from the cells into medium when the roots were kept under 02-deficient condition.In the present research, the hairy roots were cultivated using a column-type reactor where direct aeration was not conducted and instead 02-enriched medium was circulated.As a gradient of dissolved 02 (DO) concentration in medium is generated in this reactor through 02 uptake by the hairy roots, pigment release is expected to occur from the roots existing at the location of reduced DO concentration in the medium.
In all experiments, the hairy roots of red beet (Beta vulgaris L.) induced by Agrobacterium rhizogenes A4 infection4) were cultivated in Murashige-Skoog medium6) containing 18 g/l fructose In culture of the hairy roots with the column-type reactor, the relationship between the amount of estimated root mass, Xcon, and medium DO concentration at outlet of the growth column, DO0Ut, was first examined under the conditions of medium flow rate F: 130 ml/mm. and medium DO concentration at inlet of the column DOin=8ppm. As shown in Fig. 2 , it was found that DOout gradally decreased with increasing root mass, and the value became approximately zero when Xcon was about 9 g-dry roots/l. At the end of the culture period of 672 h, the whole hairy roots in the growth column (Xgra=14 .2 g-dry roots/l) were harvested and divided into three parts according to distance from the bottom of the column, Z; i. e., lower part (Z=0-3cm), middle part (Z=3-7cm) and upper part (Z=7-11 cm) .
The average content of betanin retained in the hairy roots for each part was as follows: 2 mg/gdry roots for the lower part, 7mg/g-dry roots for the middle part and 6 mg/g-dry roots for the upper part. The hairy roots harvested from the lower part exhibited the reduced content of betanin, suggesting that the betanin release into medium mainly occurred from the hairy roots kept under 02-deficient condition in the lower part of the column. The gross amounts of root mass and betanin obtained from the culture at 672 h were as follows: 28 .4 g of dry roots, 16.3 mg of betanin retained in the roots and 8.0 mg of betanin recovered from the culture broth . In the culture of red beet hairy roots with the reactor, larger amount of betanin was produced in comparison with the result obtained in shake flask culture4).
In conclusion, it was possible to cultivate red beet hairy roots in the column-type reactor with medium circulation, accompanying the successive pigment release from the roots into the medium .
Acknowledgement
The authors are grateful to Mr. A. Yamamura for his assistance in the experiments and the present work was supported in part by Shorai Foundation for s Science and Techonology, and also by a Grant-in-Aid for Encouragement of Young Scientists (No . 05750717) from the Ministry of Education, Science and Culture of Japan.
(Accepted April 1, 1995) The arrows show the times of medium replacement and the total volume of replaced medium was 3 l during the culture.
